INTRODUCTION
Microalgae are currently used as a food source in aquaculture because of their high nutritional value (Duerr et al., 1998 , Becker, 2004 , Martínez-Fernández et al., 2004 , Ponis et al., 2006b ) and because it is the natural food of many cultured animals (Borowitzka, 1997) . Moreover, their physical characteristics such as cell size, thickness of cell wall, digestibility, presence of spiny appendages and chain formation (e.g. diatoms) all influence the suitability of microalgae as food used in aquaculture (Kach and Ward, 2008) . For example, their cell size and nutritional value are suitable for larvae and adult bivalves, the larvae of other molluscs, crustacean and fish, or as feed for the live prey used in culturing, such as roti- 
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ABSTRACT
Microalgae concentrates (paste) can be used as an alternative feed to replace live microalgae for aquaculture due to its nutritional value and convenience. However, the clumping of cells and negative buoyancy of algae concentrate can affect bivalve culture as bivalves only capture particles suspended in the water and ingest a certain size range of particles. This study investigated the effects of aeration on the distribution of algae particles in a 500 L rearing tank. The results indicated that the number of algae paste particles was higher in the aerated tanks compared to the non-aerated tanks over 24 hours. Time lapsed had a significant effect on the number of particles after the addition of algae concentrate into the tanks. The number of particles in the aerated and non-aerated tank was relatively stable from 1 to 10 hours and then declined after 24 hours. Furthermore, tank depth had no significant effect on the number of particles distributed as the number of particles did not differ significantly at three different depths within the culture tanks.
KEYWORDS: mic roalgae c oncentrate, depth , time, particle fers and brine shrimp (Artemia) (Langdon, 2003 , Becker, 2004 , Ponis et al., 2006a , Holme et al., 2009 . Furthermore, the content of fatty acids, proteins (amino acids), lipids, vitamins and carbohydrates of various microalgae species is one of the main reasons for considering these organisms as a feed source for aquaculture animals (Knauer and Southgate, 1999) .
Recently, algae concentrate as also known as algae paste (nonviable algae) has become commercially available and is starting to be widely used. For example, commercially available algae concentrate ('Instant Algae' products) has been used for laboratory culture of juvenile and adult shellfish (Ingersoll et al., 2006 , Wang et al., 2007 . Furthermore, the simple and inexpensive use of algae concen-trate as a food source is suitable for the production of rotifer Brachionus plicatilis (Pfeiffer and Ludwig, 2007) and Artemia (Palmtag et al. 2006) . Algae concentrates have also been used in the culture of fish larvae (Joan Holt et al., 2007) and shrimp (Zelaya et al., 2007) . In spite of these positive results, research on the best procedures to prepare algae concentrates for use, i.e., to optimise the proportion of particles within an appropriate size range and maintain their availability in the water column is required.
The drawback of using algae concentrates is that the cells have lost motility and it becomes difficult to disaggregate back to single cells which is a requirement for feeding bivalves (Knuckey et al., 2006) . Hence, the size of particles within algae concentrates is bigger when added into the water than that of live algae and therefore more difficult to be ingested by larvae. Moreover, as the behaviour of algae concentrate in the water column differs from that of live algae (which have motility), this may affect the ability of cultured animals, especially bivalves, to feed on algae concentrates. Bivalves practise suspension filter feeding animals as the gills with their different ciliary tracts remove suspended particles from the water as it is pumped through the mantle cavity (Cognie et al., 2003) .
Even though the trend is increasingly towards the use of microalgae concentrates for the rearing of larvae or juvenile bivalves, there remains the disadvantage of concentrate settling to the bottom of rearing tanks where decomposition can lead to an unhealthy environment and possibly disease (Backhurst et al., 1989) . If microalgae concentrates is to be fully exploited, there is an important need for information on the availability and distribution of microalgae concentrate cells in order to ensure that all the food is available for bivalves at all times. Therefore, the objective of this study was to determine the distribution of algae cells prepared from algae concentrates in 500 L rearing tanks of bivalve larvae when aerated, and at different depth and times.
MATERIALS AND METHODS

Effect of Aeration on The Distribution of Algae Concentrate
This experiment used alga suspensions made from paste Pavlova and Isochrysis. The 10 mL algae paste was mixed with 1 L filtered (1µm) seawater and prepared by shaking the bottle 15 times. Cylindrical rearing tanks for bivalve larvae made from fiberglass with one meter diameter and 80 cm deep were used in this study (Figure 1 ). Before any test was carried out, the tanks were washed with chlorine (bleached) and cleaned. The tanks were then flushed with fre shwater to re mo ve all contaminants. After this, the tanks were rinsed with filtered (1µm) seawater and the seawater was run for some considerable time to remove all particles and to ensure that it was perfectly clean. In the centre of the tanks, a stand pipe was attached to support a 4 mm plastic tube used to remove the water samples used in this analysis and attached to the stand pipe at three different depths using clips. The tanks were then filled with approximately 450 L with filtered (1µm) seawater at ambient temperature.
Tests were carried out in aerated and nonaerated tanks with three replications for each treatment. For aerated tanks, air was added into the tanks from an aeration tube on the bottom of the tank (figure 1) at a rate of 150 ± 10 mL per minute; it was placed around 30 cm from the stand pipe. The air was filtered by a series of cartridge filters of decreasing porosity. This was needed to reduce airborne contaminants that may contain harmful micro-organisms. The 1 L of algae suspension (see above) was poured gently across the surface of the water. After addition of the suspension, water samples Figure 1 . The 500 L tank for bivalve larvae rearing used to examine the effect of aeration on algae concentrate. Stand pipe attached in the bottom to support plastic tube which was used to take water sample from shallow, middle and deep areas
Indonesian Aquaculture Journal Vol.6 No.2, 2011 were then collected four times; 1 hour, 5 hours, 10 hours and 24 hours after the addition from 3 fixed points in the tanks, which were 10-15 cm (deep), 30-40 cm (middle) and 55-65 (shallow) from the bottom. This was done by siphoning and the sampling tube was allowed to flush before a water sample was collected in a 70 mL sample bottle. The first seawater that was poured into the bottle sample was used to rinse the bottle sample. The water temperature was also checked every time samples were collected. Samples were analyzed using the FlowCam machine to determine algae cell sizefrequency distribution (Sieracki et al., 1998) .
Statistical Analysis
For the study on the distribution of algae concentrate in the tanks, ANOVA was used to determine if there were any differences in the number of particles (response variable) between aerated and non aerated tanks. Moreover, a full cross factorial test was used to examine the number of particles in response to explanatory variables such as hours, depth and the interaction of aeration x hour, aeration x depth, aeration x hour x depth. Post hoc comparison was conducted using a Tukey multiple comparison (pairwise) to determine significant differences among the treatments. For all tests, an alpha level of 0.05 was used.
RESULTS AND DISCUSSION
Results
Isochrysis
There were significantly more particles in the aerated tanks (11608.41 ± 538.78) than in the non-aerated tanks (10485.83 ± 524.99) (Figure 2) (F 1,4 =9 .45, P=0.037). In addition, the time after addition of the algae suspension into the tanks also had a significant effect on the number of particles (F 3,44 =7.6, P<0.001). The number of particles increased gradually from 1 to 10 hours before declining after 24 hours both in aerated and non-aerated tanks. There was no significant interaction between aeration and time after addition of algae suspension (F 3,44 =0.56, P=0.64). The highest number of particles was recorded 10 hours after the addition of algae suspension in the tanks (13578.77 ± 925.27) and this was statistically different to all other duration treatments. The fewest number of particles was found after 24 hours (9294.61 ± 429.25) but the difference was not significant from the number of particles after 1 hour (10378.22 ± 541.05) and 5 hour (10936.88 ± 697.48) treatments.
The depth at which samples were taken within the tanks had no significant effect on the number of particles recorded (F 2,44 =0.09, 
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P=0.914), and the interaction between aeration and depth were marginally non-significant (F 2,44 =3.16, P=0.052) (Figure 3 ).The highest number of particles in aerated tanks was found at greatest depth and the fewest was in the middle area. However, in the non-aerated tanks, the highest number of particles was found in the middle area and the fewest in the bottom area. The interaction terms between depth and duration since the addition of the algae suspension (F 6,44 =0.61, P=0.72) and the interaction of aeration, depth and duration (F 6,44 =1.84, P=0.114) were not-significant (Figure 4) . The water temperature inside the tank over 24 hours was stable at 27 ºC ± 1 ºC.
Pavlova
In contrast to the results obtained for the Isochrysis suspension, no significant differences were observed in the number of particles in the aerated or non-aerated tanks for Pavlova (F 1,4 =5.98, P=0.071) ( Figure 5 ). However, the number of particles in the aerated tanks was higher than that of non-aerated tanks. There was a significant interaction between aeration and time since addition of algae suspension in the number of particles (F 3,44 =3.18, P=0.033). The number of particles after 1, 5 and 10 hours was quite similar both in the non-aerated and aerated tanks. Similarly, the time after the addition of algae suspension had a significant effect on the number of particles (F 3,44 =45.47, P<0.001). The number of particles in the aerated and non-aerated tanks tends to be stable from 1 to 10 hours and then declined after 24 hours. The number of particles of algae after 24 hours (8765.50 ± 506.93) was significantly lower compared to 1, 5 and 10 hours.
Depth of the tanks had no significant effect on the number of particles (F 2,44 =0.21, P=0.81) as the number of particles was similar in all three depths (Figure 6 ). Furthermore, there was no interaction effect between aeration and depth (F 2,44 =0.80, P=0.45). However, the number of particles in the deep area with aeration was the highest, while in the nonaerated tank was the lowest compared to the middle and shallow area. There was no interaction effect between depth and time (F 6,44 =0.89, P=0.50) (Figure 7) . Similarly, no interaction of aeration x depth x time effect (F 6,44 =0.98, P=0.44) were observed for the number of particle. The water temperature inside the tank over 24 hours was maintained at 27 ºC ± 1 ºC. 
Discussions
The results showed that the number of particles of microalgae concentrate (Isochrysis and Pavlova) in the aerated tanks was higher than that of non-aerated tanks over 24 hours. This is because aeration breaks the clumping o f algae conce ntrate and re sults in disaggregating the ce lls. According to Riebesell (1991) , turbulent energy in the water column can become the dominant mechanism controlling both particle aggregation and break up. As the air flow is increased, the number of particles in suspension is also increased. While, very low air flows reflecting the very few particles which are in suspension because the mass of particles collected is very low.
The number of algae cells in the thanks receiving suspensions prepared from Pavlova tended to be stable while for Isochrysis, it increased gradually from 1 to 10 hours after the addition of algae concentrate before declining after 24 hour both in the aerated and non-aerated tanks. The algae concentrate of Pavlova may be easily broken up by the treatment while Isochrysis needs time to be broken up after they were put in the seawater. Following that, the number of particles at 24 hour in the non-aerated tanks was lower than that of the aerated tanks. In non-aerated tanks, somewhat unexpectedly, the clumps of particles may move slowly around the bottom of the walls of the tank. Visual observation of nonaerated tanks showed that particles were stationary at the base and began to clump on day 2 (Figure 8 ) and the water became very clear after day 7 (Figure 9 ). While, in the aerated tanks, few aggregations occurred on the pipe or plastic tube and mostly the particles were dispersed in the water at all time from day 1, day 2 (Figure 10 ) and day 7. It seems that without aeration the particles of algae concentrate tend to settle down to the base of the tank where they formed large clumps and were unavailable as food particles.
As microalgae particles settle on the bottom of the tanks, aeration is important to maintain this algae particles in the water column. It is essential to keep the algae particles in suspension because bivalves will only feed on suspended material and any food falling to the bottom of the culture tanks will be decomposed and deteriorate the water, lead to an unhealthy environment and possibly disease (Backhurst et al., 1989) . The clumping of algae concentrate particles settling in the bottom of the tank was found in the non aerated tank (Figure 8 and 9) . The large clumping of algae concentrate may be affected by biological activity (Alldredge & Silver, 1988) , since it has been observed in the field that during diatom blooms, mass flocculation of the algae results in the formation of large aggregates (Alldredge & Gotschalk, 1989) .
With respect to the effect of depth, the number of algae concentrates Isochrysis particles in the deep, middle and shallow areas of aerated tank were higher than that of the non aerated tank, while the pattern for Pavlova differed in that there were more particles in the deep and shallow areas but lower in the middle of aerated tank than that of the non-aerated tank. However, there were no significant differences in the number of particle distribution at the three different depths over 24 hour. Aeration is required to provide adequate mixing of algae concentrate in the suspension and ensure uniform condition in a tank at all times (Backhurst and Harker, 1988b) . The suspension of algae concentrate particles was better in the aerated tank than that of non aerated tank due to more particles and particles appeared to be evenly distributed throughout the water column. In the tanks used for rearing of bivalves, air is eminent not only to break up clumping of particulate food but also to maintain dissolved oxygen at sufficient levels to support living organisms. Moreover, the air can displace waste gases and keep carbon dioxide concentration at an acceptable level (Backhurst and Harker, 1988a) .
CONCLUSION
Aeration is needed to prevent clumping of algae particles and maximize its availability to larval bivalves. For further research, there is an important need for aeration data to identify more precisely the levels of aeration for such particles to be maintained in the water column to ensure available food for bivalves and a healthy growing environment at all times. The minimum degree of aeration which provides adequate circulation levels such that food is always kept in suspension is important to reduce the operational cost.
